DOCUIR lliOKB 



111 160 «70 

TITLE 

THSpTOTlON 

REPORT NO 
FOB DiT E 
NOT! 



IDHS PRICE 
DESCRIPTOHS 



IDpTlFIERS 



ABSTRiCT 



( 



SE 025 15J 



Work ictiviti€a e£ Doctccal Scientisti ana aglneers 
•Shon Substantial Change letMMn 1f73 anfl 1977, 
Sciance Reso^^c^ Studies eighllf^ta, Octct€r a, 
1978, * 

Natlenal Sciencf Pounaatieny trashingte^^ C .C, Div, of 

Scl€nc€ Kesourc€s Studise, 

NSP-78-31| , 

« Oc% 78 f ^ \ , 

6p* I Not available in hard copy du€ tc aarginal 

legibility of"^ original dccuiant 

MF-^$0.83 Plus Postage, HC let Afailable frofi IDBS, 
Doctoral Degrees; Iducationi IiFioyient Patterns; 
*Employ'B€nt Trenflsi Pclluticni loetiecondary 
Mucatloni Public Healthf Saste Mspcsal; Mcrk 
Experience *® , 

National Science Foundaticc ^ ^ 



, In 197i^ 1975, and 1917 surTeys of the 
dortorate* holding scientists and englneeri in the OJaited States were 
conducted by the National Research Cbuncil of the National icadeffly of 
Sciences, The science and engineering (S/B) popnlation surveyed 
consisted of individuals who held S/E doctorates or who had received 
doctorates iti n©n*S/E fields but were eaployed in S/I f csltions^ The 
1973 survey took account of individual! who had received their 
doctorates between January 1, "1930 and June 30, 1972, Incluiive, 
Subsequent purveys in this series contiEUfd to take acccunt of the 
ft2--year period by dropping the two oldest cchort years while .adding 
the two most recent* Results of the latest survey lndicat€ the 
*followinq for the years 1973^1977: (1) There has been a ihift in the 
work activities of the S/l floctoral work force, especially, in the 
areas of teaching and research anY developnent (RSD); (2) The 
educational level of the total -RBD work f crce has* improved as 
indicated by an increase in the proportion of fh,D«'s; (3) The 
uneaployaent rate of S/l Pb, D, • s has reiaiRcd low and stakle; and (a) 
Significant gains have teen made by wcien ard racial minorities in 
loininq the ranks of doctoral s/E»s* (iuthor/HA) 



♦ ^ Reproductions supplied by EDBS are the befit that can be lade ♦ 

* ^ ^ froi the original document. ♦ 
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Activities of Doctoral Scientists and Engineers S 
Substantial Change Between 1973 and 1977 

In i^7\^ dHf/ m? surveys i)1 iho do^unitv-holdin^ sdcntist, j/ic/ pn^Irwvrs' in thv I nhvil ' 

SlKv, wrrr i unditct(Hi for thv NMiniuil Srhnco ftHinti^uiiyn athvr fctfonii Gnvommvnt j^ondes 
hv thv N^ionM Rvsvm h Counci} of thv N^intwi Ai .idvmyufSrivtwvs. Thv u ivnrv .unl^^n^invcrhm 
(S i) pupuldtinn sLiryvyvil i ur)si^tvd of indfvidiuls in thv L:nitvd Shitvs vv/)(> hvfil S t' di)itnrdtvs or 
Avhu h^ui rvrvivvd dix tonifvs in non-S f fivfd^ fnit wrro vmployj^d Iri S f positions. The 1973 ^nrvvy 
tiu^k .jinHuK i)l indiK'idyt.iis who had rvi viwl thvir (/o( forjfo^ iLtwrvn }.itn__u\ry h 79JO j/h/ lunv W. 
I'^7J. itx lu^ivv^o 4J-yt\\r pvriini Siih^vijuvnt survvvs in tJitsShiftiniaf svrivs ciintinuvd to t.ikv- 
)\}nf ot J 4J-vv,ir (>vnnd by ilmppin^ thv two nldvsf cofn.rMv^its whUv dddini^ thv Uvo most 
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Survvvswvrv based (}ti St rdrifuHls^unplvsnumbv^ 22 pvrcvnt 

r>t tilt'- pofUibtiifn}: rvspnnsV nitvs of thv 5 f s^mpiv tnvnihvrs iontjvtvil in thv thrw sur^yys\vvrv 79 
fu^n t'nl. 7h pivn vnt, jf)d b9 pvn oht, rospvi tivrfy. ' ^ 

f fits rviH>\ \ c u/i!jiris thi.^ first dnuiytit mI rvvulls frtjm ilu* third i/i ihi^ iiionni.tl Maries ot surveys; ibv 
I'jr i (i.ii.i .uv ptvsvnwii for ( oniparjtivo puTposvs. DvL^vd slMisiu a\ results of tho V)7 I nnd 1975 
surwn'. fltTiv \)v totintl \n roports f)roviousK fHjlilishuil. ^ 



Assessment Highlights 

• A sfiift in tht^ work ac tivitios of the S/E Ph. wurk 
iorce has orturrcMl between 1973 and 1977. hi 
jraclcrnia there has been a relative decline ^n 
tiNuhing aetlNfities while both R&D and "Oiher^' 
artaitji»s have shown proportional increases, the 
former pritnarily betause of increases in postdoc - 
lorates. During this period, tKe total empluyr?ient of 
S. L Ph,D/s in academiti grew by 26 percent while the 
nunilH^r primarily enMageci in teaching increased 
(»nlv I J pi'KC'ot. As a result, the proportion of b/L 
I'hd^/s In acadefma t^gaged in teaching was 55 
f>er((Mit in 1977. down from 61 percent in 197J. In 
orhor siu-tors of the cm: unomy thert' has f)een a 
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relative shifraway- from R&D activities. In business 
and industry, for example, the proportion of S/E 
Phd)/s engaged primarily in R&D declinod from 71 
percent to 66 percent. Similar relative shifts in work 
act tvi ties have occurred among other nonacadamlt- . 
employers. The'se shifts have had a compensatory 
effect As a result, (he overall proportion of .S/E 
Ph.D/s primarily engaged i^i R&D has remained 
stable at af)out 44 percent between 1973 and 1977. 

The educational level of the total R&D work force has 
If Mproved duritig t his 4=year [period as indicated by an 
inc rease in the prop(irtion of Ph.D/s from 19 percent 
to 22 percent. This "upgrading" has occurred in all 
major employment sectors With thegrj^Mtest reUtive 
incr(*ase taking place in the academic' R&D work 
fore e wheriMhe f)ropc)rfionof P[%D/s increase(j from 
, 47 pt^rc ent to 55 percent, with al)out oiu^ = third of the 
iru. rease resulting frc)m growth of tfi«* jjostdor toral 
f)opLilaric)n. 

Between 1973 and 1977 there was a decline in the 
propoi(tion of employed S/E PhJJ.'s receiving 
f edc^ral support, hi 1973 al)out 47 percent acknowl- 
edged such siif^pcjri; Ijy 1977 this proportion had 
declinedMo 4i percent. Eactors contriburfng to this 
se havci E)ec'n a stiiliU^ level of f-edt^raJ R&D 
expendityres (in constant dollars) ac c ornfianied by a 
i7=percent increase in thc^ nuinber ol^ Pfip,-s 
primarily engaged in R&D. 
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• Tho unfimployment rnte of 5/E Ph.D.'s has remdined 
low and stable durrng this period (about 1.2 percent). 
However unernployment rates reflect only one 
aspoci of ernploymont and do not address problems 
or is-iues related to underutilization. Moreover, losv 
unemploymt»nt rates among Ph.D/s are to= be 
expected since unemployment, generally, isinverse= 
ly relattid to etJur:alic)rial^attti!nment, 

• Significant gains have befen mtido by women and 
racial ni[fT0rilics in joining the ranks of the most 

' highly educated S/E's. Between 1973 and 1977 the' 
number of women in thi% group increased by.nearly 
50 percent, about twice the rate of growth for men. In 
1977 women were .Mill underrepresented and 
accounted for 10 percent of the S/E Ph.D. popula- 
tion, up from 9 percent four v^ears previously. Racial 
minorities also registered gtiiris during this period 
.jc counting for 6 percent of the S/E Ph.D/sin 1977, up 
troni 5 pc^rcent in 1973, While all racial minority 
^roiifis showed numericdl increases, the overall 
relative increase is almost entirely attribuiable to 
Ph.D. s of Asian extracticsn. Racial minrsrilies, how= 
t,*ver. are ^till und(»rrepresented among S/E Ph.D.'s 
^inre thev cumprise at":)C5Ut 13 perc uni of tfie Nation's 
^ f)Of:)ulati<jn. " ^ 

Data Highlights J 

• In 1977 tht* population of S/E Ph.D/s r;^rnbered 
about 30i.000-=-a 27-percent increase sinccf 1973. 
During this period the number of Ph.D/s in the labor 
forc e* incretised at a slightly faster rate (29 perc ent). In 
1977 thc^y numliered about 288.00tl, resulting in .i 
labor force participation rate oi about 95 fiercent. 

• The proportion of Ph.D/s* in S/E-related jobs 
dec lined slightly during this pericKj, from about 94 
percent to 92 percent. However, the vast niajc:jrity of 
those engaged ifi non-S/fc work are tioing so 
V oKjn tiirily. 



An oxamtnation of recent -(rends (1973 to 1977) in 
employme*nt characteristics is pertirfent in determining 
whether such shifts are sta^rting to take place. Even 
signlfictfnt shifts would likely be modest, however, since 
large* numerical values would be necessary to inffuence 
proportional distributl-onssin a major way. Because of the 
stability of Ph.D. employment, generally, proportionaj • 
shifts which have occurred during this time period are 
probably most directly attributable to the large influx of 
young Ph.rj/s in the S/E labor fofc*e. Thus, changes in 
characteristics yielcied by the folltjwing analysis are 
protjably more indicative of the initial employment 
choices of new Ph.D/s than of mobility patterns of their 
tilcier peers= 

Population ^and Labor Force 

The pcjpulaiicin of cioctcual scientists and engineers in 
the United States numbered about 303,000 in 1977, a 27- 
percent increase since 1973. EJuring this 4=year period the 
numljer oi Ph.D.'s in the labor force grew somewhat 
faster. As a result the labor force participation rate oi 
Ph.D.'s increasecj ;^lightly in 1977 to 95 percent, signifying 
a small inactive pool ot talent at this educational level 
(ta[:)le 1). 

The Success of these indivicJuals in the labor market 
remains vcjry high. This is to be expected since success in 
Vr m p I oy m e n t is h Ig h I y' r e I a t ed i o eci u ca i i o n a I attainment. 
In 1977 tlie unemployitieni rate of S/E Pfi;D.'s was 1.2 
f:)ercent, f^ssentially the same level reportecJ \n 1973. This 
unemployment rate was lovver than the 1977 unempjoy^ 
meni rates for inciiviciu.ils with five c)r more yeafs. of 
college (2.3 pC'^cent) and fc)r professional, lechnicah'and 
kindred workers (3.0 percent). 



Tabic 1. Chiirnttefislits of doctoriil scientists and engineers 
in ihv {J,Sa 1973 and 1977 



fntruductiun 

iht^ f)rc)tessic)nal work activities of scientists ancJ 
engincM.Ts prtrvidt* a rrieasiiru of tht^ utilizaticjti of this 
segmtMit ot thc"Nation s huriian resoiirc es. Qt particular 
inferest .in* the wutk ac tivities of S/E do( torate-hc)lders 
vvIto. i)ecausc' of their iiclviinc tnl \vyv\ of trairiing, fjrovide 
mu( h of, t he *leacJershij) in scientific ancJ technological 
t^ndc^avors. Ifiere is consideraljle concern aEjoijt the 
ac ttvttH/N of t^.*se iiKiivitiuals, f)artic ularly in light tit 
forecasts wfitcfi fcjr a variety of rcMsons project an 
cjversupply of Ph.D/s in nicjst fiekis in the near and 
midterm tLlturt^ Thus, it is anticipated t^at the emphjy- 
rncmt c harac turisijc s o\ Ph.D. scientists and (Miginec^rs are 
likc^lv to undergo signific ant c hange inclutii/ig, proEiably. 
a rekitivt* shifr from R&D activities to less traditional 
activitiKs arid a trend toward' rc^Iatively more -non-' 
ac iidcMiT* efriploynjent. 
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Table 1 Charactemtics of emplq^ed doctoral scientists ancf 
engineers In the UJ.i 1973 and 1977 



SlfiVllil'f Mi'fi i'flf 

JfJ4 J!X' = llfii i.» 




^ Bt'twt^€'fi lyri and 1977 the numfser ot employud 
Phn/s rose trtmi jtmut JJO^OOO jo 284,000— a 29-perrenJ 
inc rcj^iv CJvc*r this poriocl, the fiuriibcr ot S/E postcior- 
inr.ites. wfiK fi ^ixounivd for about 3 pertunt of thi* S7L 
di)iA()tA\ Libor forcf in 1977, inc reiHocl bv 72 porccnt. 



\hv ov erdjbf)ro[)c)f non ot'omployed Ph.D.'b en^a^ed 
in S f. work d(u lined (luring this 4=vear fjoriod from 94 
fiercent to 92 pt-reent (table 2).. However, available daui 
induatp fhat onK a sniall prt)p<)rii{jn (about lOpert erit) 
of if'i(>-,u ^\ork)ni4 in non-S E fjositions were uniiijle to 
ttnd s h vvcirk. Mi^hcM salaries, better promotional 
op})ortunities. arnl locafional preferenees uere rited as 
file rnaior factors influent ing ifu' dec ision .(o ^\i)\k in 
non -S I jof .)s, 



Women^nd Racitil Minorities 

Hie f)rof)orf!on of vvofncMi and racial rtiinorif i(^s in iIh* 
do(foral S [ f)opLjlatK)n has increascui ov(^r tht^ 1973-77 
periotk In 1977 thert^ were aljoui 3i. 000 women S l 
d()( toraies m tfie I iiitfd St.aie-. rt'fjri^se-ntniM a: 50-per( eot 
ifurease sirui^ 197 3, ap[)roximatc4v doui)le ilie iru rt\ise 



for men^ As a result, tKe proportion of women increased 
irom 9 percent to 10 percent of the Ph.D/s in science and^ 
engineering ftdbk' 1). The more»capid increase in the 
number of womefr probably' reflects affirmative action 
programs and women's increasing awareness of oppo'r- 
rtmities in science and engineering. However, it mu^i be 
realized that even assuming aTontinuation in thi^ trend, 
ft .will take over 40 years for womeato achlive ptSriiy 
based upon population proportions because of their 
relaiively small current representation. 

Tfie proportion ^ of racial ' minorities inSthe Ph.D.' 
pbpyfation also increased dnring this period, tollectiv^^ 
K . these i*idividuals comprised 5 percent of the dortoral 
5 E population in 1973: by 1977 ihis proportion had 
grown, to 6 percent. During this 4-year period, the 
number of racii?Kminori'jy S.E.Ph.D/s grew by about 
7.000™a 60=pcrcent increase. Persons of Asian extraction 
who comprise about four-/ifths of the racial minotjlies Jri 
the IJ n i ( ed Stares ho I d i ng 5/ E Ph . D. 's accou n t ed f oi^aost 
of this grow^th. 

The number of Blacks holding 57E Ph.D.'^s irif reased bv 
30 percent over the 1973=77 peViod, approximaiHy the 
^ame relative increase experienced by the toraj S.'E 
(ioctoral labor force. In 1977 Blacks, who represent about 
- 12 percent of U.S. population, accounted for only about 1 
p)t^rcerit of the S^'E doctorare-holders. These data suggcti^ 
I hat the eciucation of Black scientists and engineers at the" 
doctoraU' level rieeds lo be signif!^?tntly increased if they 
are to caniinue their progress towards parity. 

^ Work Activities by Sector of Employment 

The work patterns of doctoral scientists and engineers 
art.^ undfM^^oing change, bur the patterns differ substan- 
liallv among emplovmont sec tors. In ednrationar in- 
-.titutic:iris thtne has been a relative decline in teaching 
activities ^ith rorrespotiding gains in other activities. 
in< luding research and development. In other employ- 
mefTt sectors, hcnvever, there has been a relative shift 
trnni RJkD to non = K&D work activities. These shifts have 
ha(l a compensatory effect. As a result the overall 
profjortion of S/E doctdrate-holders primarily engaged 
in R^D at fivifies has remained stable (about 44 percent) 
fxMween 1973 and 1977. 

biJfTie (harigt^s in R^D work piitterns by c haracter of 
w[)rk ha^ ' otcurrcnl during this periocT While absolute 
rease^ .wv- noicuj in all aspects of R&D work, the 
nurnbt^r of Fli.D. s in devc4opfnc*ni artivitit^s incre\ised by 
about hO percent as c/ofTipared with a coml^ined 24- 
pt^rc(wit inc rcMse in utiier R&D ac tivitic^s. \ higher rate 
of ^rcAvtli in (It^velopment atlivities reflects an ificreas(> 
it] \bv Pfi.tJ. ifittMisity ifi this aspect of researffi and 
devcHofimcMit. As i^Tight bc^ expc^ctecl more than 60 
\)vi{V'n\ ot liie growth in the nurnber of Ph.D.'s in 
(lt*v(4o[)m(Mit to()k place in f)usiness and industrv where 
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SOURCE: Nf tionsi Sdence FsynditiDn 

the bulk of those activities are conducted: The smallest 
increase (17 perceni) took place among Ph;D/s engaged 
in R&D managfiment, resulting in a relative decline in this 

^artivity (table 2). ' * 

The overall relative stability /if R&D activities in the 
growing work force of doctoral scne^Ia^i5ts and engineers 

' ^assumes added signi^iance when ofhet Rf^D measures 
dufing this -4-year time frame bre 'iakerj into account. 

.While the number of S/E docioraie-hoiders primarily 
engaged in some aspect of R&D work has increased at an 
annual rate of about 6 percent. R&D expenditures (in 
constant cJollars) have mcreased at a much slower rate 
(about 1 percent per year).^ The sharp increase in the 
supply of Ph.D.'s is also evident when considered within 
the context of the total R&D work force. Thus, during this 
period, the proportion of Ph.D/s in the total R&D work 
force' increased frohi 19 percent to 22 percent, 
suggesting that employers are upgrading the educational 
level of their R&D staff (chart 1). 

F 0 1^' c: AT I O N A L i N ST i T L ; N S 

Educational ir^^titutions have traditionally provided the 
principal source^-of emplo^ient forS^'E Ph.D/s. Betw^een 
1973 and 1977^ the number of Ph.D/s so employed 
increased by about 26 percent; this absolute increase in 
employment was slightly less than the growth of the total 
employed Ph.D. labor force, possibly indicating the 
fnitiation of the expected shift toward nonacademic 
employment. 

In educational Instituiiohs the proportion of S/E 
Ph.D/s engaged primarily In teaching activities declined 
from about 61 percent ^o about 55 perceni between 1973 
and 1977. The proportion of Ph,D/s engaged primarily in 
R&IJ activities increased from abtSiJt 27 percent to about 



30-percent while the proportion of individuals engaged, 
vin activities other than research and development or' 
teaching Increased from about 10 percent to 14 percent* 
Significant changes included relative increases in applied 
research and in development activiiies (chart 2). To some 
. extent/ the relative decline in teaching and the relative 
increase in R&D activities reflects the increasing number 
of Ph.D.'s holding postdoctoral appointments. Ap- 
proximately 30 percent of the increase in the riumber of 
academically employed Ph.D/s primarily in r^search^nd 
development v^as accounted for by increases in the 
r\umber of postdoctQraies, ^ > 

The growth in the Ph.D. intensity of the R&D work 
force was quite evident in academia; between 1973 and 
1977. the proportion of Ph.D. s in ihg acaderriic R&D 
work force increased from 47 percent to 55 perceni (chart 
1). Again, the gain in the number of postdocioratef 
accounts for about 30 percent of this increase. 

BUSINESS AND INDUSTRY 

A small relative increase in the employment ofPh.D/s 
was registered by business and industry befweerv'1973 , 
and 1977; industriahemployment increased from aboiil 
24 percent Jo 25 percent of the employed Ph.D. total 
(table ^= This increase, although modest,, is consistent 
wi^h forecasts of greater employment in business and 
industry during the near and midterm future, and most 
likely ^reflects reduced employment opportunities in 
academia^ 

The R&D activities of Ph.D.'s in business and industry 
have shown a relative decline. Between 1973 and 1977. 
the proportion of ?h.D>'s primarily engaged in re|earc?h 
and development decreased slightly from about 71 
percent to 66 percent, and this decline was most evident 
in the management of R&D activities. The decline in R&D. 
activiiies was offset by relative increases in'non-R&D 
activities (chart 2). 

The relative decline in R&D work among industrially 
employed Ph.D.'s must be interpreted within the context 
of a rapidly growing Ph.D w>6rk force. Thus, the relative 
shifts reported above do not signify a reduction in 
research and developn\gp<^ but rather that n on -R&D 
activities have increased at ajasier rate during the 4-year 
period ending in 1977. fSieveriheless, the growth in the 
numberKjf R&D Ph.D/s in industry during this time has 
eKceeded the growth in the total industrial R&D work 
torco= As a result the proportion of Ph.D/s in the 
industrial R&D work force has increased from 11 perceni 
to 12 percent (chart 1). 

OTHER EMPLOVMENr SECTORS 

In 1977 about 17 percent of the 5/E Ph.D/s were 
employed by organizations ^other than educational 
institutions and business/industry, about t he ^ same 
proportion as in 1973. There were, however, some 
relative shifts irr the eEnployment of S/E Ph.D/s among 
this group of employers. During this period,^ Federal 
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Chart 2. Domoral ^ienttett/ingimeri by primary worit activfty in selected employmsnt ssctori: 

1873 and 1977 
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Incltidg^ tUTipluyed fndfviriuiih who pve no report nf iffiliition: 
'^Less than 0.5 pereoiit. 
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^ ^SubsilniGd under "Researk^^^J^evelgpfrienE" 
SOURCE; Natmnal Seiencf? FQundition 



< i\ \iian eniplovnu^ni showod a relative tleclrne. whilo th(^ 
pruportiofi i)t P[i.P/s emf)l()yefi by hospital ( linits 
ifU reaped ftjl)lr 2). 

\ /olaiive ^tiitt t(j *ion=R^I) at rivities also oc currtKi 
vMthin these tnTipkHment sectors. Between 197J anti 
I'jrr. ffie proportion of Ph.D.\ engagotl in R&D ac tivities 
de< Irne'tl in the Fetieral Goverfirnent, huspitals ( lifiies. 
n(jfi}>rofit orii.ini/iUions. anci among "othc^r (un- 
s|.H'uneti) en'if)l(>yt/rs. Colltn. I ively, a[)(ujt 57 pvTi vni of 
tfn.' S [ Pfi.!.),''-. erriplt)ve(J if'i tfie^'e sec tors wvrv priniarily 
<'nt:.iu,t'tl If-] ft^siMrt/fi iinti (levfM()[iiH<jnt in 19/7. dowri 
tforn ah)c)ut fn f)erten( tour vears rMrlier. 1 his rr^lahve 
decline « tk t >rn[)asse( 1 ail aspt/M: ts ol rt-scsirt hi and 
dj'\ ('i{);)fiirni (^^( epf dev i^lopriuMit ac tivitit's. vvhi( h 
•Tfujwpti a rf^LUi^ e qain. Rin.jtive gains weri' also (^videni m 
rh?^ [Hopornon nt Pfi.O. s engagtHj in non-R^I) teac hing 
acti^itie'^. Collet tivelv. these attivilies vvert* (ef)orled \i) 



he the pnntary vvork ui M [lert ent nf S/E PhdJ/s in 197.3:^ 
ihc- 1977 prbporiiun incTeased to JB percent (chart 2)= 

Feder^ Support 

T}i(* };jf oportiijii of S/t Ph.D. s at knowleilging Fedefal 
sLjf);)ort in tlu^iT work fias tieclinecj in the last four years. 
In 197 J, 47 j)ej(eni of all employed S' t Phjj/s reported 
h;M;Jeral '-iii)[)of t ; fjy 1977. this [jroportion fiad (Jet rt^Jsed 
u.i 41 pt^rc (Mil (tat)le i). This relative (l('( line is nol 
unvs\)vc\v{\ onsidering ^hat the fiumljer of Ph = D7b 
pairrianlv engagetf in researi fi an^ dt*velo|>nient grcHvl)V 
27 p(n(eni tliiringdhis p(^riod. wfirlt' l(Mi(ual f'xp(Mid- 
[turc^s tor rese*ir< h arid d? ^ve|o|)mef']t (in c t jnstani 
doll.iis)*- f(Mndin.ed t^'^st^ntiallv [(*\<'L 



